INTRODUCTION
The presence of large quantities of toxic heavy metals in the environment poses serious health risks to humans [1] . Sources of heavy metals include mining, industrial production, untreated sewage sludge and other diffuse sources such as metal piping, traffic and combustion by-products from coal burning power stations. Among the various heavy metals, lead (II) is a well known highly toxic metal that is considered as priority pollutant. Lead (II) can damage the kidney, liver, brain, nervous and reproductive systems; among other adverse effects to human [2] . The long term exposure to lead compounds is associated with an increased risk of lung cancer [3] .
Lead pollution particularly results from the manufacturing of automotive batteries, ink, ammunition, soldering materials, paints, automobile exhaust fumes and metal finishing industries. Lead is also the leftover of the some industrial processes to produce fertilizer and pesticide [4] . In all these cases lead is transmitted into environment and thus making the water toxic beyond 0.05 mg Pb L -1 , the permissible limit for human consumption. Several methods such as chemical precipitation, membrane filtration, electrofloatation, solvent extraction, adsorption, reverse osmosis, ion exchange etc, have been proposed for the treatment of wastewater containing inorganic and organic pollutants. Among these methods ion exchange method has drawn the attention of researchers because it exhibits a high efficiency of sorption from gaseous and liquid media [5] . Efforts have been made to develop hybrid organicinorganic composites by incorporating organic species in the matrix of inorganic exchanger. These hybrid materials show entirely different property from pure organic and inorganic ion exchangers. Hybrid exchangers show improved mechanical strength, thermal and chemical stability, high selectivity for metal ion and enhanced ion exchange capacity. Ion exchangers such as sodium dodecyl benzene sulphonate-cerium (IV) phosphate [6] , sodium dodecyl sulphate-cerium (IV) phosphate [7] , zirconium hydrogen monothiophosphate [8] , titanium (IV) iodosulphosalicylate [9] , zirconium titanium phosphate [10] , zirconium aluminophosphate [11] , polyaniline tin (IV) arsenophosphate [12] , zirconium (IV) tungstoiodophosphate [13] , tin (IV)
antimonate [14] , polyacrylonitrile thorium (IV) phosphate [15] , zirconium (IV)
selenoiodate [16] and polyacrylamide thorium (IV) phosphate [17] have been synthesized and used for the separation of metal ions.
This chapter reports the synthesis of a highly Pb(II) selective inorganicorganic hybrid ion exchanger, zirconium(IV) phosphosulphosalicylate. The material has been characterized based on FTIR, TGA, X-ray diffraction, TEM and SEM studies. Zirconium (IV) phosphosulphosalicylate showed high affinity for Pb (II) and hence employed for removal of Pb (II) from water samples.
EXPERIMENTAL

Reagents
Zirconium oxychloride octahydrate (CDH (P).Ltd, New Delhi, India), orthophosphoric acid and 5-sulphosalicylic acid (Loba chemie Pvt. Ltd., Mumbai, India) were used for the synthesis of ion-exchange material. All other chemicals and reagents were of analytical reagent grade.
Synthesis of zirconium (IV) phosphosulphosalicylate
Various samples of zirconium(IV) phosphosulphosalicylate were prepared by mixing 
Characterization of zirconium(IV) phosphosulphosalicylate
The composition of zirconium(IV) phosphosulphosalicylate was determined. For this, 0.2 g of the material was dissolved in minimum volume of concentrated hydrofluoric acid and then diluted to 100 mL with DMW. Zirconium(IV) was determined by EDTA titration [18] while phosphate and sulphosalicylic acid were determined spectrophotometrically using ammonium molybdate [19] and ferric nitrate [20] as colouring reagents, respectively.
X-ray diffraction studies were performed on X-ray diffractometer PW-3050/60
(X' PRO-PANalytical, Netherland). Powder X-ray diffraction pattern of the material in H + -and Pb 2+ -forms were obtained using Cu Kα radiation. FTIR spectrum of the material was recorded on FTIR spectrometer (Model-Interspec 2020, Spectrolab, UK) using KBr pellet technique. Thermogravimetric analysis of the sample was carried out using Shimadzu DTG-60H thermal analyzer. Scanning electron micrographs of the sample were obtained by JEOL JSM-6100 scanning electron microscope. TEM images of the sample were obtained by Hitachi H-7500 transmission electron microscope.
Ion-exchange capacity
The ion exchange capacities for some alkali and alkaline earth metal ions were determined by column method [21] . The glass column of internal diameter of 1 cm was packed with 0.5 g of the ion-exchanger in H + -form. The hydrogen ion was eluted by passing 1M solutions of different alkali and alkaline earth metal ions. The flow rate was kept at 0.5 mL/min. The hydrogen ions in the effluent were determined by titrating against a standard solution of sodium hydroxide which is equivalent to the cation retained by the material.
pH titration
pH titration was done by Topp and Pepper method [22] . 0.5g exchanger (H + -form)
was placed in each of several 100 mL conical flasks, followed by the addition of 0.1M NaCl and 0.1M NaOH solutions in different volume ratios. The total volume was kept 50 mL to maintain the ionic strength constant. The pH of each solution was determined after attaining equilibrium and plotted against milliequivalents of OH -added. The capacity was calculated from the curve.
Chemical stability
The 200 mg portions of the exchanger were kept with 50 mL each of various solvents for 24 h at room temperature with intermittent shaking. The amount of zirconium released into the solvent was determined spectrophotometrically using xylenol orange as colouring reagent [23] while the amounts of phosphate and sulphosalicylic acid released were determined by the methods described in "Characterization of zirconium(IV) phosphosulphosalicylate" section. 
Quantitative separation of metal ions
The glass column (internal diameter 1 cm) was packed with 2.0 g of the exchanger in H + -form. The column was washed thoroughly with DMW. Mixture of metal ions was loaded on the column and then the separation was achieved by passing suitable solvents at a flow-rate of 2-3 drops/min. The effluent was collected in 5 mL fraction and the metal ions in the effluent were determined titrimetrically using a 0.002M solution of EDTA.
RESULTS AND DISCUSSION
In this study a number of samples of zirconium(IV) phosphosulphosalicylate ionexchanger were prepared through the homogeneous precipitation technique. The
conditions of synthesis are summarized in Table 2 .1. As can be seen from the table that the ion-exchange capacity of the material is dependent on the mixing volume ratio; the sample S-3 showed highest ion-exchange capacity. The reproducibility of the synthesis of the material has also been investigated. The results ( Table 2. 2) show that the ion-exchange capacity for K + was found in the range of 2.18-2.22 meq/g dry exchanger; confirming the reproducibility in the synthesis of the material.
The ion-exchange capacity for some alkali and alkaline earth metal ions was determined by column process using 1M solution of each salt as eluent. The results are reported in Table 2 .3. The ion-exchange capacity decreases with increase in hydrated ionic radii. The same sequence was also obtained with zirconium(IV)
selenoiodate [16] . The pH titration curve ( Fig. 2.1 ) of zirconiuim(IV)
phosphosulphosalicylate in H + -form was obtained under equilibrium condition with NaOH-NaCl system. The curve indicated the monofunctional behavior of the material. At neutral pH, the ion-exchange capacity was found to be 2.30 meq/g dry exchanger. The apparent pK value for the ion-exchanger was calculated using the equation [24] :
The pK value was found to be 0.68. linkage occurring through polymerization. The X-ray diffraction patterns (Fig. 2.3 The thermogravimetric analysis curve (Fig. 2.6 ) of ion-exchange material in H + ˗ form shows 7.8% weight loss upto 100 °C which is due to the removal of external water molecules. Further loss in weight is observed between 100 °C and 200 °C which corresponds to 7.9%. This weight loss may be due to the removal of water of crystallization and condensation of OH groups. A small weight loss (2.52%) is observed in the temperature range 200 to 400 °C; may be due to vaporization of sulphosalicylic acid. Lastly, an abrupt loss in weight in the region 400 to 600 °C is caused by structural transformation of the material. It is assumed that all external water molecules are lost upto 100 °C and the corresponding weight loss is 7.8%. The number of water molecules per mole of the exchanger was calculated using the Alberti's equation [26] :
Where n is the number of water molecules, X is the percent weight loss due to external water molecules and M+18n is the molecular weight of material. The value of n was found to be 3.8.
Adsorption kinetics
The adsorption of lead(II), copper(II) and zinc(II) was studied as a function of time. It was observed that adsorption of lead(II) ion was rapid (ie, about 45%) for the first five minutes whereas the extent of adsorption for Cu(II) and Zn(II) was 14.5% and 11.0%
, respectively. The Lagergren rate equation [27] :
for first order kinetics was tested. Where q t and q e represent the amount of metal ion adsorbed (mg/g) at any time t and at equilibrium time, respectively. k 1 is the adsorption first order rate constant (min -1 ). A plot of log(q e -q t ) vs t did not yield a straight line, indicating the non-applicability of first order kinetics. Therefore, second
order kinetics was applied. The adsorption data were then analyzed using the equation [27] : The parameters such as regression coefficients, second order rate constant k 2 and equilibrium capacity were calculated from the plot t/q t vs t and summarized in Table 2 .4.
Equilibrium and thermodynamic treatment of sorption process
The removal efficiency (E) of Pb(II), Cu(II) and Zn(II) for the zirconium(IV) phosphosulphosalicylate can be calculated using the equation [28] :
where C t is the concentration of metal ion adsorbed at time t and C o is the initial concentration. The removal efficiency of Pb(II), Cu(II) and Zn(II) is plotted against time ( Fig. 2.8 ). It can be seen from the figure that the material is highly selective for
Pb(II) in comparison to Cu(II) and Zn(II). Fractional attainment of equilibrium U(t),
was determined to analyze the equilibrium data [27] : 
Removal efficiency for Pb(II), Cu(II) and Zn(II) ions on
where C o , C t and C e (mole/L) are concentrations of metal ion in solution initially, at time t and at equilibrium, respectively. The plot of U(t) vs t is shown in Fig. 2.9 . It was observed that the U(t) for Pb(II) was much higher than that of Cu(II) and Zn(II).
The change in free energy, (∆G o ), was calculated using the equation:
where R is the gas constant, 8.314 J mol -1 K -1 , T is the absolute temperature and K c is the thermodynamic equilibrium constant. The K c value was calculated using the following equation: [30] K c = C 1 /C 2 where C 1 is the amount of metal ion adsorbed per unit mass of adsorbent and C 2 is the concentration of metal ion in aqueous phase.
The values of K c and ∆G o are given in Table 2 
Fractional attainment of equilibrium, U(t) vs t curve for the
CONCLUSION
Zirconium(IV) phosphosulphosalicylate ion-exchanger was synthesized and its ionexchange capacity for K + was found to be 2.22 meq/g dry exchanger. X-ray diffraction pattern suggested the semicrystalline nature of the material. TEM images indicated the particle size in the range of 7.33-15.7 nm. The material showed high affinity for Pb(II). The adsorption of Pb(II), Cu(II) and Zn(II) on the material follows second order kinetic model. The thermodynamic parameters for adsorption were calculated. In all cases ∆G o was found negative which indicated the adsorption process is spontaneous. Pb(II) from a synthetic mixture is removed quantitatively using zirconium(IV) phosphosulphosalicylate.
